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SUMMARY 


A  prolonged  reduction  of  visceral  organ  blood  flow  has  been  clearly 
demonstrated  in  our  laboratory  in  primates  after  resuscitation  from 
hemorrhagic  shock.  This  is  consistent  with  observations  on  visceral 
function  and  blood  volume  chinqes  in  humans  after  successful  resuscitation 
from  shock.  The  mechanism  is  unclear  but  appears  to  be  related  to  persistent 
abnormalities  in  the  body's  vasoregulatory  mechanisms  both  at  the  systemic 
(catecholamines  and  renin/angiotensin  II)  and  local  (thromboxane  A/prostacyclin) 
leve Is .  The  background  for  this  hypothesis  is  discussed  in  detail. 

The  present  proposal  using  both  a  primate  shock  model  and  a  pig  hind 
limb  perfusion  system  begins  to  evaluate  these  possible  mechanisms  and 
investigates  empirical  treatment  mechanisms  as  follows: 

1)  Studies  are  undertaken  on  the  effects  of  controlled  vasodilator 
therapy  on  our  primate  shock  model. 

2)  Determinations  of  hormone  levels  relative  to  production  of  catechol¬ 
amines,  renin  ar.d  angiotensin  II  and  Thromboxane  A2  and  prostacyclin  are  under¬ 
taken  over  an  18-hour  period  in  our  primate  shock  model. 

3)  Hemodynamic  and  metabolic  effects  of  hind  limb  perfusion  with 
blood  from  an  animal  8  hours  after  resuscitation  from  hypovolemic  shock. 

Finally,  hypertonic  glucose  is  investigated  as  i  stop-gap  measure  for 
preserving  life  in  primates  in  hemorrhagic  shock.  The  rationale  for  this 
concept  is  well  supported  from  recent  research  on  the  benefits  of  supplying 
high  dose  glucose  as  an  acute  energy  substrate  in  shock  states  in  man. 
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FART  I:  BLOOD  FILTERING 


During  the  past  year  we  have  expanded  our  study  on  blood  filtering 
efficiency  in  a  clinical  setting.  The  Intercept  filter  (Johnson  &  Johnson) 
went  off  the  market  and  was  dropped  from  the  study.  A  summary  of  the  results 
of  all  of  the  data  collected  from  this  study  are  contained  in  Appendix  A. 

A  further  study  was  carried  out  in  a  group  of  multiple  trauma  patients 
receiving  massive  transfusion.  This  data  is  not  yet  complete  but  will  be 
completed  by  the  end  of  the  current  contract  period  and  further  studies  of 
blood  filtration  will  not  constitute  a  part  of  the  contract  renewal  proposal. 

Several  conclusions  appear  justified: 

1)  In  terms  of  clinically  significant  pulmonary  insufficiency  the 
problem  was  rare  after  surgery  or  trauma  in  the  present  series.  No  filter 
made  a  significant  difference  in  the  small  incidence  of  pulmonary  insufficiency 
in  the  present  series. 

2)  Certain  filters  were  a  bit  more  difficult  to  set  up  and  had  a  higher 
incidence  of  problems  with  initiating  flow  early  in  the  study.  However,  with 
experience  all  filters  appeared  about  the  same  in  terms  of  rapidity  with 
which  effective  flow  could  be  established. 

3)  Microfilters  significantly  slowed  the  rate  of  blood  administration. 

The  magnitude  of  the  slowing  was  not  great,  however.  Pal]  and  Travenol  filters 
appeared  to  have  a  slightly  higher  capacity  than  other  filters  studied  but 
these  differences  are  not  significant. 

4)  It  is  evident  from  the  present  data  that,  although  filters  didn't 
seem  to  prevent  any  identifiable  clinical  problem  with  massive  transfusion, 
they  do  significantly  interfere  with  the  rate  of  blood  infusion  and  conse¬ 
quently  inhibit  the  effectiveness  of  resuscitation  of  the  injured  patient. 

The  issue  remains  as  to  whether  or  not  to  use  ultrafilters.  The  facts 

are : 

1)  Stored  blood  contains  microaggregates  of  biological  debris. 

2)  Although  the  debris  has  not  been  shown  to  produce  any  harm,  this 
may  in  part  be  due  to  the  insensitivity  of  the  biological  models  utilized. 
Certainly,  it  appears  to  uo  .'•>  good  and  for  a  number  of  theoretical  reasons 
could  be  harmful. 

3)  Ultrafilters  will  t amove  the  debris  and  do  not  appear  to  damage 

the  blood  but  do  slightly  interfere  with  the  rate  of  resuscitation  by  slowing 
the  rate  of  blood  infusion. 

Consequently ,  based  on  the  present  data,  ultrafilters  cannot  be  recom¬ 
mended  for  use  in  blood  transfusions. 


PART  II:  TISSUE  PERFUSION  AFTER  RESUSCITATION  FROM  HEMORRHAGIC 


SHOCK 


We  have  studied  three  groups  of  primates  with  a  standard  hemorrhagic 
shock  model.  The  first  was  completed  under  the  previous  year's  grant  and 
the  latter  two  during  the  past  year.  A  summary  of  the  data  in  these  three 
groups  is  contained  in  Appendix  B.  In  short,  we  have  shown  that  13  hours 
after  resuscitation  from  hemorrhagic  shock  blood  volume  remains  significantly 
below  baseline  levels  (10-15%)  in  spite  of  otherwise  baseline  hemodynamic  data. 
Furthermore,  regional  visceral  organ  blood  flow  to  the  lungs  (systemic) ,  liver, 
intestine,  stomach,  kidney  and  spleen  are  significantly  below  baseline  values 
at  18  hours,  whereas  heart  and  brain  blood  flow  are  normal.  Hemodynamic  para¬ 
meters  are  normal. 

We  needed  a  reproducible,  stable  control  model  in  which  we  could  use  a 
single  hemodynamic  parameter  as  a  therapeutic  index  of  the  dosage  of  nipride 
administration  as  an  intervention  in  the  shocked  animal.  Vie  did  a  group  of 
animals  in  which,  after  successful  restoration  of  MAP  and  LAP,  fluid  replace¬ 
ment  was  only  given  at  maintenance  levels  for  the  next  16  hours.  During  this 
period  there  was  a  gradual  decrease  in  all  hemodynamic  parameters  and  blood 
volume  was  even  more  reduced  at  18  hours.  (Appendix  BID  . 

Since  we  were  still  unable  to  establish  a  consistent  drug  administration 
and  volume  replacement  criteria  for  this  model  as  we  had  anticipated  usir.a 
baseline  LAP  as  the  criteria  for  adequate  volume  replacement  and  then  an  arbi¬ 
trarily  chosen  25-30%  reduction  in  systolic  pressure  as  the  therapeutic  criteria 
for  nipride  administration.  It  required  huge  volumes  of  fluid  to  maintain  LA? 
of  which  was  promptly  excreted  by  the  kidneys  with  an  end  result  that  at  ic 
hours,  although  hemodynamic  parameters  remained  normal,  visceral  organ  flow 
and  blood  volume  were  still  reduced  at  18  hours.  (Appendix  Bill). 

Since  LAP  could  not  be  used  as  a  resuscitative  endpoint,  we  undertook 
further  studies  during  the  past  year  to  establish  a  reproducible  control  model. 
Two  additional  animals  in  this  group  were  treated  with  ni trcprusside  for  about 
2  hours  after  the  shock  period.  The  criteria  for  drug  dosage  was  difficult 
to  manage  but  the  preliminary  data  suggested  that  the  persistent  abnormality 
in  visceral  blood  flow  might  be  effected  by  controlled,  early  vasodilatation. 

Consequently,  we  repeated  the  above  experiment  using  MAP  +  1D1  as  the 
criteria  for  adequate  resuscitation.  This  group  of  animals  produced  consistent, 
reproducible  hemodynamic  data  and  confirmed  the  persistent  reduction  in  visceral 
blood  flow  and  blood  olume  in  spite  of  apparently  perfectly  adequate  resus¬ 
citation  to  baseline  hemodynamic  values.  (Appendix  BIV) . 

We  now  need  to  u  idertake  two  tasks  in  this,  ptoh'i-i  : 

1)  Complete  a  group  of  nipride  treated  animals  to  assess  our  oriuinai 
hypothesis  that  prolonged  selective  vasomotor  disequi l loir'im  is  responsible 
for  the  maldistributed  visceral  blood  flow. 

2)  To  evaluate  the  mechanism  for  the  prolonged  maldistribution  in  blood 
flow  which  has  been  consistently  documented  in  all  three  of  our  study  uroups. 
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PART  III:  REVIEW  OF  ISOLATED  LIMB  PERFUSION  STUDY  TO  DATE 


In  this  study  we  found  that  perfusion  of  an  isolated  pig  hind  limb  with 
autologous  hemorrhagic  shock  blood  resulted  in  a  significant  increase  in 
peripheral  vascular  resistance  compared  to  perfusion  with  autologous  normal 
(non-shock)  blood.  This  increased  resistance  could  be  eliminated  with  phen- 
tolamine.  However,  oxygen  consumption  remained  depressed  during  perfusion 
with  shock  blood  in  spite  of  normal  flows  (p<0.05,  one  tailed  t  test  for 
paired  data) .  (Appendix  C) .  Because  of  the  small  sample  size  (8  pigs)  and 
the  marginal  statistical  significance  we  continued  the  study  to  verify  the 
findings  and  also  measured  blood  transit  time  through  the  limb  to  evaluate 
the  possible  role  of  arteriovenous  shunting  during  perfusion  with  shock  blood. 

Thirty-two  limb  perfusions  have  now  been  evaluated,  including  one  dog 
and  one  calf.  In  a  total  of  15  controls,  including  the  dog  and  calf  (Table  I), 
peripheral  vascular  resistance  increased  from  1.0  resistance  units  during 
perfusion  with  normal  blood  to  2.1  resistance  units  during  perfusion  with 
shock  blood  (p<0.001). 

In  a  total  of  17  phentolamine  treated  pig  limbs  peripheral  vascular 
resistance  was  the  same  for  normal  and  shock  blood  (Table  II).  Oxygen  con¬ 
sumption  dropped  from  1.52  ml/min  during  perfusion  with  normal  blood  to 
1.24  ml/min  during  perfusion  with  shock  blood,  but  this  difference  in  this 
larger  group  is  no  longer  statistically  significant  at  the  0.05  level  for 
P  (Table  III) . 

In  9  of  the  17  phentomaline  treated  pig  limbs  blood  transit  time  through 
the  limb  was  evaluated  by  the  dye  dilution  method  using  cardiogreen  ind  a 
densitometer  (Table  IV). 

Transit  time  was  evaluated  by  three  methods:  (1)  time  of  first  appearance 
of  the  dye  in  the  venous  effluent,  (2)  time  of  the  maximum  dye  appearance  in 
the  venous  effluent,  and  (3)  the  mean  transit  time  of  the  dye  evaluated  by 
using  the  best  loq  fit  for  the  downslope  of  the  curve. 

The  time  of  first  appearance  was  23  seconds  for  normal  blood  compared 
to  24  seconds  for  shock  blood.  The  time  of  maximum  dye  appearance  was  49.3 
seconds  for  n  rmal  blood  and  47.5  seconds  for  shock  blood,  and  mean  transit 
time  was  82.4  seconds  and  79.4  seconds  for  normal  and  shock  blood  respectively. 
The  corresponding  values  for  oxygen  consumption  were  1.5  ml/min  for  normal 
blood  and  1.4  ml/min  for  shock  blood.  None  of  these  differences  was  statis¬ 
tically  significant. 

The  above  findinos  show  that  phentolamine  can  eliminate  the  increased 
peripheral  vascular  resistance  found  in  control  limbs  perfused  with  shock 
blood.  They  also  suggest  that  there  is  no  significant  arteriovenous  shunting 


occurring  during  perfusion  with  shock  biood  treated  with  phentolamine .  In 
addition,  the  above  results  suagest  that,  in  contrast  to  our  previous 
findings,  phentolamine  car.  apparently  also  return  oxygon  consumption  in 
the  isolated  limb  perfused  with  shock  blood  to  within  normal  or  nearly 
normal  values. 

M though  elevated  catecholamines  were  documented  in  the  shock  blood, 
phentolamine  is  a  direct  vasodilator  as  well  as  alpha  adregergic  blocking 
agent  and  thus  could  be  producing  effects  other  than  mbrely  blocking 
catecholamines . 

This  data  also  demonstrated  that  the  hind  limb  preparation  is  a 
sensitive  model  for  assessing  the  immediate  neurohumoral  (i.e.,  catecholamine) 
responses  to  shock. 


Table  I.  Summary  of  PVR  During  Perfusion  With 

Normal  and  Shock  Blood  in  15  Controls 


Normal 

Blood 

Shock  Blood 

ILP-20 

(control) 

1. 1 

1.9 

21 

(control) 

1.0 

1.9 

•>  ■> 

( control ) 

.8 

I  .6 

23 

( dog ) 

.5 

.6 

24 

(control) 

1.1 

2.4 

25 

(control) 

.  5 

1.2 

26 

(control) 

.6 

3.4 

27 

(aspirin) 

1.4 

3  .'l 

29 

( a  sp  i  r  i  n ) 

-  1.2 

1  .  1 

30 

(ceil  separator) 

_  a 

2 . 4 

32 

(p re heparinized) 

1  .6 

2 . 9 

3  3 

(ceil  separator) 

1.0 

2.0 

34 

(cell  separator) 

.9 

2 . 0- 

35* 

(piiontolamine) 

.9 

1 

38 

icalf) 

1.0 

2 . 5 

Mean  t 

6  .  D  . 

1  .0  ±  .  3 

t“7 . 05 
tp- 0.001) 
2-taiied 

2.1  ±  .7 

* 

I  nc  1 'J  iv  i  m  bo*:h 

it  rol.s  and 

:  lion  tolami  ne 

because  i  hentolamine 

was  .nliled  to  -«k>.  -I.  b  lo»vl  after  seeing  the  usual  *  PVR.  The  PVR 
shown  h ere  is  befoio  nidino  r-hen tolami ne . 
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Table  II.  IL1 

Summary  of  FVR  and  V00  During  Perfusion  With 
Normal  and  Shock  Blood  in  Phentolamine  Treated  Limbs 

(n=17) 

PVR  VOt (ml/min) 


Normal 

Shock 

Normal 

Shock 

B  lood 

Blood 

Blood 

Blood 

ILP-35 

.9 

.8 

1.1 

.8 

36 

1 . 3 

1.3 

1  .5 

.9 

37 

1.5 

1.6 

2.4 

2.2 

40 

.  6 

.6 

1.9 

.9 

41 

.  6 

.7 

2.4 

.9 

45 

.8 

.8 

.  1.6 

1.6 

48 

1.3 

••  1.3 

.  5 

5  3 

1 . 3 

1.2 

1.6 

1.6 

56 

1.  .3 

1.4 

1.0 

1.0 

r'  7 

1.0 

1.1 

2  .  1 

1  .7 

5  a 

_  n 

.  / 

’..1 

2 . 6 

60 

.6 

.  6 

2 . 1 

.9 

.,7 

.  -  > 

.9 

1  .  7 

_  q 

*  n 

L  .  1 

1.3 

1.5 

1.8 

73 

1  .  3 

1 .5 

1.6 

~  > 

’  j 

_  7 

.  7 

_  a 

1.1 

74 

.8 

• 

1.9 

1 . 2 

lean  *■  S.D. 

l  .  0  ±  .3 

1.0  +  .3 

1.6  +  .5 

1.3  ±  .6 

(t  =  1.6) 


n  .s . 
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Table  III. 


In  9  of  the 
blood  and  is 

15  controls 

shown  below 

VO 2  was  calculated 
with  flow  and  PVR 

for 

normal  and 

shock 

VOo 

(ml/min) 

Q 

(ml/min) 

PVR 

N 

S 

N 

S 

N 

S 

ILP-20 

(control) 

.6 

.1 

50 

16 

1.1 

1.9 

21 

( control) 

.8 

.4 

60 

20 

1.0 

1.9 

22 

(control ) 

1.1 

.8 

65 

37 

1.6 

24 

(control) 

„  9 

.6 

47 

21 

1. 

2.4 

25 

( control) 

1.5 

.9 

89 

41 

1.2 

2G 

(control) 

1.7 

.7 

70 

16 

.6 

3.4 

2  7 

(aspirin) 

1.1 

.7 

32 

13 

1.4 

3.1 

29 

( aspirin) 

1  .  1 

-  .  9 

38 

19 

1.2 

1.9 

38 

(calf) 

4  .  o 

1.7 

50 

20 

1.0 

2.5 

Mean  + 

S.D. 

1. 5±1.2 

.3  ±  .4 

56 

+  17 

23  +  10 

1.0  ±  .3  2 

.  2  ±  .  7 

t  =  2  .  6  t  =  8 .  1 

(r'-o.os)  (p--.o.O(H) 

tailed  2-taiiod' 


t  =  5.4 
(p<0.001) 
2-tai led 


vs?  ■  - 
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Table  XV.  ILP  -  Transit  Time 

(Calculated  in  9  of  17  Phentolamine  limbs) 
(n  =  •)) 


First  Appearance 

Time 

of  Maximum 

Mean  Transit 

of  Dye 

Dye 

Appear ance 

Time 

Normal  Shock 

Normal 

Sl'.rck 

Normal  Shock 

Blood  blood 

Blood 

B  lood 

Blood  Blood 

ILP-56 

34 

28 

66 

5  7 

100 

85 

57 

>  "A 

20 

42 

41 

129 

80 

5  > 

16 

15 

28 

-7 

40 

51 

(A) 

16 

16 

1  a 

.30 

54 

47 

*'•> 

-- 

2  3 

44 

41 

66 

60 

A 

1 4 

28 

84 

—  -o 

106 

119 

70 

5  4 

38 

74 

133 

144 

7  7 

a 

20 

3  8 

40 

5  5 

58 

7  * 

_ L  1 

37 

_  .  jjl 

56 

69 

..•an  +  A  .  D  . 

7  3  1  7 

?  4  ±  7 

40  +  20 

4'  7  18 

S3  ±  35 

79  +  33 

T  =  '  .  >■* 

T  =  1 .  . 

1 

T  =  0 

.44 

Correspond i n . j  VO  , 

shown 

in  Table  It. 
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APPENDIX  A 


Blood  Filter  Data  (Preliminary  Data) 


The  collected  data  and  date  on  the  clinical  assessment  of  blood  filters 
is  included  here.  Table  I  compares  the  variables  involved  in  the  mechanics 
of  the  filter  system  which  significantly  (p<0.05)  independently  influenced 
the  flow  rate  as  analyzed  by  multivariation  analysis.  The  impact  of  the 
variable  is  listed  in  order  of  decreasing  significance .  Thus,  the  factors 
which  influence  the  rate  of  bicod  infusion  most  significantly  are  smaller 
needle  size,  older  blood,  the  use  of  gravity  flow  rather  than  pressure 
infusion,  the  absence  of  a  blood  warmer,  the  previous  use  of  the  filter  for 
infusion  of  blood  and  the  use  of  an  ultrafilter. 

Fia.  1  shows  that  flow  rates  of  blood  through  filters  do  not  distinguish 
significantly  between  filters.  Fig.  2  depicts  data  relating  to  the  time 
necessary  to  set  up  blood  filters.  Although  the  data  is  preliminary  the 
Pall,  Standard  and  Swank  filters  all  are  set  up  in  about  the  same  amount  of 
time. 


Nfi.Lt  Micro  or  STD  filter  0.69051  0.47680  0.00026  0.05019  2.545784  0.01623 

(Constant) 


INFUSION  RATES  OF  PRESSURE  INFUSED  WHOLE  BLOOD 


INFUSION  TIME 
(minutes) 


The  above  is  the  mean  and  standard  deviation  or  the  first  unit  of 
whole  blood  infused  through  each  filter. 
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Section 


Section 


Section 


Section 


I  A  summary  of  the  general  methodology  for  conducting 

our  shock  experiments. 

H  A  summary  of  the  initial  shock  group  animals 

including  6  control  animals  and  2  treated. 

III  A  summary  of  8  animals  in  which  LAP  was  used  as 
the  index  of  resuscitation. 

IV  A  summary  of  6  animals  in  which  MAP  was  used  as 
an  index  of  resuscitation. 


Appendix  BI  -  A  working  summary  outlining  the  general  steps  involved  in 

carrying  through  a  shock  experiment  with  our  current  primate 
model 


APPENDIX  BI 


Protocol 


The  basic  protocol  for  this  set  of  experiments  is  outlined  below.  The 
only  variation  between  groups  exists  at  step  13  involving  resuscitation  of 
the  animal  and  this  variation  will  be  discussed  for  each  group. 

1.  Anesthesia*:  Administer  5  ml  of  sernylan  (3.3  mg/ml)  or  ketamine  to  baboon 
IM.  Use  pentothal  (IV)  when  required. 

2.  Shave  animal  and  wash. 

3.  Obtain  weight  (kg). 

4.  Insert  urine  catheter. 

5 .  Intubate 

6.  Attach  EKG  electrodes 

7.  Perform  cutdowns  (sterile) ,  cannulating  both  femoral  arteries  and  veins  (CVP) 

8.  Initiate  left  thoracotomy. 

a.  Place  stiff  wall  pressure  line  ir .  :  left  atrium. 

1)  Adjust  height  of  2A  transducer  for  zeroing. 

b.  Attach  pulmonary  artery  flow  probe. 

9.  Close  all  incisions. 

10.  Hook  IV  line  to  500  ml  bottle  of  5%  Dextrose  in  0.45%  saline  plus  20  mEq  KC1. 

11.  Baseline  measurements. 

a.  Serum  lactate:  not  less  than  1  ml  into  grey  top  tubes  (potassium  oxalate 

sodium  fluoride) .  . 

b.  Arterial  and  venous  blood  gases. 

c.  Cardiac  output,  mean  arterial  pressure,  left  atrial  pressure,  central 

venous  pressure. 

d.  Hemoglobin. 

e.  Tissue  blood  flow:  800,000  or  more  microspheres  (Ce,  Cr ,  Sr,  Sc). 

f.  Intravenous  fluids. 

g.  Urine  output. 

h.  Blood  volume:  Evans  blue  technique. 

12.  Induce  shock. 

a.  Rapidly  drop  pressure  to  60  mmHg  for  1  hour. 

b.  Exsanguinate  until  40  mmHg.  Maintain  at  40  mmHg  for  1  hour. 

c.  Obtain  parameters  lla-llg. 

d.  Retain  blood  in  heparinized  syringes. 

13.  Resuscitation. 

a.  Return  blood,  using  last  drawn  blood  first. 

b.  Infuse  blood  unco.,  FAP  eugals  baseline  value  (  +  15%)  . 

c.  Maintain  LAP  with  remaining  shed  blood  and  Ringer's  injection. 

14.  Two  hours  post-resuscitation. 

a.  Obtain  measurement  ;  lla-llg. 

15.  Eighteen  hours  post-resuscitation, 
a.  Obtain  measurements  lla-llh. 

16.  Sacrifice  animal. 

a.  Obtain  organ  samples  for  scintillation  counting. 

1)  Brain,  heart,  intestine,  kidney,  liver,  lung  and  spleen 

*  During  shock:  use  no  drugs  of  any  kind. 

During  post-resuscitation:  use  only  valium  (IV)  or  ketamine  (SC). 
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Eight  animals  were  subjected  to  shock,  resuscitated  with  shed  blood 
and  then  treated  with  a  fixed  fluid  volume  replacement  with  crystalloid 
over  the  next  18  hours  (50  ml/kg  Ringer's  lactate).  Two  animals,  in 
addition,  received  nitroprusside  (1.6  ugm/kg/min)  as  required  to  keep 
mean  arterial  pressure  at  a  level  of  70%  of  baseline. 

Fig.  1  shows  the  MAP  over  the  entire  study  period.  Maintenance  fluids 
resulted  in  a  gradual  decline  in  MAP  or  the  18  hours  post  resuscitation. 
This  did  not  occur  in  the  two  treated  animals.  Fiq.  2  shows  regional  blood 
flow  values  determined  at  4  times  during  the  experiment.  Significant 
decreases  were  noted  in  all  organs  except  the  brain  during  shock  and  in 
the  kidney,  liver  and  spleen  at  18  hours.  Significant  increases  in  blood 
flow  occurred  at  2  hours  in  the  brain,  heart,  intestine  and  lung.  Cardiac 
output  (Fig.  3)  was  higher  in  the  control  group  as  compared  to  the  two 
nipride  animals  at  1  hour  post  resuscitation. 

Fluid  balance  and  blood  volume  changes  showed  a  higher  urine  output 
in  the  nipride  treated  animals.  Also,  there  was  a  greater  discrepancy 
(decrease)  in  blood  volume  after  resuscitation  in  the  control  animals. 


APPENDIX  Bill:  Resuscitation  From  Shock 


Group  II:  Eight  baboons  were  bled  into  shock  and  maintained  at  60  mmHg 
and  40  mmHg  for  2  hours  respectively  followed  by  resuscitation  with  shed  blood 
and  Ringer's  lactate.  Restoration  of  baseline  left  atrial  pressure  (LAP)  was 
considered  complete  resuscitation  and  was  maintained  at  baseline  values  with 
infusion  of  Ringer’s  for  18  hours.  Complete  hemodynamic  parameters  were 
recorded  pre-shock,  during  shock  and  hourly  post  resusci tation  for  18  hours. 

Organ  blood  flow  was  measured  from  radioactive  microsphere  injection  at  base¬ 
line,  during  shock  and  2  and  18  hours  post  resuscitation.  Blood  volume  was 
determined  (Evans  blue)  at  baseline  and  18  hours.  Characteristic  hemodynamic 
changes  were  noted  with  shock  which  returned  to  normal  for  the  18  hours  post 
resuscitation  (Figs.  1  and  2).  Using  LAP  as  the  parameter  for  resuscitation, 
increasing  fluid  requirement  to  maintain  LAP,  began  at  3  to  4  hours  and  was 
paralleled  by  a  corresponding  increase  in  urine  output  (Fig.  2).  At  18  hours 
intake  was  450  cc/hour  and  output  nearly  350  cc/hour  (both  =  4  times  baseline) . 
Craan  blood  flow  altered  as  expected,  during  shock.  At  13  hours  persistent, 
significant  (p<0.05)  reduction  in  organ  blood  flow  was  nof-->d  in  the  portal 
circulation  (gut  and  spleen)  (Fig.  3).  Blood  volume  was  significantly  below 
baseline  ( <9C" )  at  IS  hours  (Fig.  4).  The  data  suggests  persistence  of  the 
sympathetic  response  in  spite  of  hemodynamic  resuscitat ion .  Furthermore,  the 
excessive  fluid  intake  and  output,  necessary  to  maintain  baseline  LAD  suggest 
resetting  of  normal  mechanisms  for  regulation  of  blood  volume.  Maintenance  of 
normal  LAP  may  then  not  be  a  reliable  parameter  of  resusci tation  from  hemorrhagic 
shock.  These  observations  describe  a  prolonged  abnormality  in  blood  volume  and 
flow  distribution  which  may  contribute  to  the  syndrome  of  multiple  organ  failure 
following  resuscitation  from  shock. 
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Appendix  BIV  -  The  current  control  group  consists  of  6  animals,  one  sham 
and  5  controls  in  which  resuscitation  has  been  to  a  mean 
arterial  pressure  of  ±10%  base  MAP  and  maintained  at  that 
level.  Hemodynamic  data  appears  more  stable  (Figs.  1-5) 
and  excessively  high  fluid  intake  and  output  are  eliminated 
(Figs.  1-5).  This  experimental  group  is  not  completed  so 
the  hemodynamic  data  have  not  been  evaluated  statistically 
and  the  blood  flow  and  blood  volume  data  are  incomplete. 
This  appears  to  be  a  much  more  satisfactory  model,  however, 
for  assessing  the  effectiveness  of  different  resuscitative 
therapies.  A  sham  animal  was  carried  out  to  document  the 
effect  of  the  non-shock  aspects  of  the  protocol  (Fig.  6) . 


FLUIDS  (ml)  mm  Hq 


LacidC  l-°-4l-3-5J  LjJ 
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Mechanisms  of  Shock  Blood  Induced  Tissue  Anoxia 
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Disturbed  cellular  metabolism  is  a  characteristic 
consequence  of  shock  | / — / 1.  It  is  usually  ascribed  to 
the  local  effects  of  hypoperfusion  and  tissue  anoxia. 
Our  study  was  undertaken  to  determine  whether 
other  factors  carried  in  the  blood  stream  may  ac¬ 
centuate  and  contribute  to  impaired  cellular  me¬ 
tabolism.  dysfunction  and  death. 

Material  and  Methods 

Fourteen  domestic  pigs  (-1(1  to  -1 5  kg)  were  starved  over¬ 
night.  They  were  sedated  with  ketamine  hydrochloride 
i  Ketalar®),  ti  mg'kg.  and  anesthesia  was  induced  by  Pen- 
tothal*  stxfium  intravenously.  Tracheotomy  was  performed 
and  (he  animals  were  connected  to  a  Harvard  large  animal 
respirator  Anesthesia  was  maintained  with  fa)  percent 
nitrous  oxide  in  oxygen  and  intermittent  dia/epam  intra¬ 
venously  l Roche  Laboratories)  The  carotid  arterv  was 
catheterized  and  used  (or  monitoring  arterial  pressure,  and 
the  jugular  vein  was  used  for  infusion  of  Ringer's  solution 
The  right  femoral  arterv  and  vein  were  catheteri/ed  as 
sources  for  withdrawal  and  remlusion  ot  blood  during 
shock.  Then  hot)  eo  of  venous  blood  was  withdrawn  slow  K 
into  heparinized  syringes  lift  units  of  heparin  per  cubic 
centimeter  of  hloodl  Volume  was  replaced  with  Ringer  - 
solution  at  a  rate  sufficient  to  prevent  a  decrease  in  mean 
arterial  pressure  The  venous  blood  was  used  to  prime  a 
perfusion  apparatus  to  lie  described  later 

The  left  femoral  vessels  were  isolated,  catheterized  and 
immediately  connected  to  t  he  perlusion  apparatus  Isola¬ 
tion  was  effected  hv  rapid  ainpiilntint).  and  perlusion  ol  l  In- 
left  hind  limb  was  begun  nninedialelv  During  perlusion 
the  animal  was  bled  into  hemorrhagic  -hock  lor  I  hour 
Mean  arterial  pressure  was  decreased  to  tilt  mm  llg  lor  Jo 
minutes  and  then  It)  mm  llg  for  It*  minutes.  The  animal 
was  then  exsanguinated  and  the  shed  blood  constituted  a 

From  iho  Department  of  Surgery.  John  A  Borns  School  ol  Medicine.  Uni¬ 
versity  ol  Hawaii.  Queen  s  Medical  Center.  Honolulu,  Hawaii 
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Presented  al  the  5 1st  Annual  Meeting  ot  the  Pacilic  Coast  Surgical  As¬ 
sociation.  Kauai.  Hawaii,  February  1 7 -?0.  I960 


shock  blood  perfusate  used  to  prime  a  parallel  perlusion 
system. 

Perfusion  system:  The  parallel  perfusion  system  used 
i  Figure  1 )  consisted  of  a  venous  reservoir  closed  to  the  a  I  ■ 
mosphere.  a  low  flow  perfusion  pump  that  provided  nun- 
pulsatile  flow  i  model  aMb'i't'J.  Travenol  Laboratories!,  a 
membrane  oxygenator  (model  < >4»mi-2A.  Sci  Medl.  a  heat 
exchanger  (model  iiMOTIT.  Travenol  Laboratories!,  and 
Silastic*' tubing.  The  heat  exchanger  was  set  at  .'IT0!  ' and 
the  limb  was  wrapped  in  a  warming  blanket  i  model  lx -JO, 
< •  li I  Medical  Products!,  also  set  at  d7°C.  Statham  AA 
pressure  transducer-  i  model  PJM  i  were  connected  In  -ide 
port  -  to  the  limb  arterial  and  venous  cat  heters  and  perfu¬ 
sion  pressure  was  recorded  on  a  ( iotild  tour-channel  brush 
recorder  (model  4-liil.  (las  flow  through  the  membrane  was 
maintained  w  it  li  oxygen  and  ( ’.irliogen*  lank- 

Blood  ga-e-.  (ill.  hemoglobin,  gloi  o-e.  lactate  and  elec- 
Irolytes  were  monitored  I  rum  arterial  and  venous  samjiles 
I  rum  i  he  pressure  ports  and  were  corrected  w  hen  needed 
to  maintain  values  within  normal  phv-inlogic  range-. 

Brace  and  (iovtnii  |j|.  -lodxing  lran-vapillar\  fluid 
dynamics  in  isolated  dog  limb  perlusion,  noted  that  a 
perlusion  pressure  ol  ,'i<>  to  mi  nun  Hg  was  optimal  in  pre¬ 
venting  fluid  -lulls  in  the  isolated  perlused  hind  limb  A 
-eric-  of  prehminarv  experiment.-  in  which  the  limb  w  eights 
were  monitored  confirmed  that  oil  mm  Hg  ol  pertu-nm 
pre-sore  provided  opluoU  -leadv  -late  perlusion  in  pig-. 
With  a  constant  pertu-..ui  ,  i.-.-ure  u|  .'si  mm  Hg.  limb 
weight  wa-  maintained  at  a  constant  level  and  oxxgen 
<  on-innpl mu  w.i-  maximal.  I  berelore.  -leads  -lale  per- 
tusion  ol  the  limit  wa-  e-iabli-bed  al  whatever  llovv  w.i- 
nete— arv  to  inaiitlant  a  t  nit-lanl  perlusion  pre— lire  .,1  'ill 
mm  Hg 

A-  -non  a-  the  limb  wa-  amputated,  perln-ioii  w.i-  begun 
and  blood  ga-.  Jtll  and  glut  use  level-  were  normalized  b\ 
adiustment  ol  ga-  flow  and  iniccliun  nl  -odium  bicarbonate 
and  a  percent  dextro-e  into  the  venous  reservoir  a-  needed. 
Limb  resistance  normallv  devrea-ed  -lovvlv  over  the  lir-t 
I’ll  minutes  of  jH-rlii-ion  until  a  -toady  state  wa-  established. 
When  limb  resistance  reached  a  steady  -late,  that  llovv 
v  alue  was  considered  die  normal  baseline.  The  shock  blots! 
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Figure  1.  Schematic  diagram  ot  a  parallel  perfusion 
system. 


I  roll)  I  lit'  exsanguinated  umm.il  was  n-t-il  I"  prime  a  parallel 
perlusmn  -V' l fin  i  Fit; u re  1  i  .mil  was  treated  1 11  t In-  same 
manner  Switching  j >«■  rl n-i« m  Irnm  nutmal  In  shuck  hloed 
.mil  \  iff  vt-r-.i  was  ellecled  In  -nnplv  <  I. un | >i iil:  nr  mi 
v  lamping  the  appropriate  Y  in  t  he  nd'ing  mi  In  it  h  arterial 
anil  venmis  >nlfs  i  Figure  I  i  The  intrinsic  volume  in  i Ik 
liinii  ami  pi-rt i i^n m  Hum  distal  in  tin*  'Uiii  limg  -itf  i  nn 
-t n i n f< I  in  percent  nl  i lif  tniai  priming  \nliiim-.  This  I" 
percent  inning  n|  nnrmal  ami  -hock  hlnnil  m  -wit t-lnn*:  in 
i  he  a  Ilf  rnalf  parallfl  sv-lem  m.n  have  'In;  111  Iv  diluted  i  In- 
i  in  pat' I  n|  lint  h  I  hf  'lint  k  111.  toil  |  >f  rt  i  mu  >ii  ami  I  In-  rcslnra- 
(mu  t if  nnrrii.il  perl'/simt  up  the  variable*  •.iwlietl  in  llir 
isnlalfil  hmh. 

Ill  -i\  t  mil  ml  anmial'  llif  linih  was  pi-rln'ctl  with  nnrmal 
lilnntl  mil  il  si  failv  'laic  iinrin.il  I  lows  wi-rf  ..hi  anifil  Alter 
la  nnmiles  nl  perlnsimi  at  nnrmal  llmv.  the  llmv  wa~  re 
ilnreil  in  mie  hall  nnrmal  iisi  lie  inn  llmv  i  and  perl  used  |..r 
innl  her  I  a  mi  miles,  a  I  ler  whn  h  llmv  w as  ret  m rued  In  nor 
mal  Arterial  and  venmis  hlnml  samples  were  taken  and 
pressure  and  llmv  nnled  Inr  e.n  h  llnvv  'tale  P.r  ■  •alenlai  inn 
nl  nugen  cnnsumplimi.  limit  resi'iam  e.  plalelei  ■  mint  ami 
1 1 la le lei  percentage  ,igg re g  p  p.  ai  In  aileiinsine  diphosphate 
l  ilt*  pri'lnenl  was  repea  villi  slim  k  hlnml  and  I  lien 
perl'isinn  was  relumed  i.iie  (gain  in  normal  llmv  ttilh 
nnrmal  hlnml. 


I  n  epg  111  atli  hi  n  'll  a  I  pigs  I  he  -  lllle  pirn  <  (hire  A  is  Inllnweil 
(\ii  pi  I  lial  an  alpha  adrenergn  him  king  agent,  phentn 
la m i ne  1  n  A  mg i.  was  .nh led  i ..  I  lie  \ e ni.in  i e serv nir  "I  the 
pe rhi-mii  slem 

1  real  men  I  iif  da  .a:  1 1\\  gen  i  misii  in  pi  mn  was  t  ah  n 
In  id  I  mm  hlnml  llnu  and  siniiill.ineniis  measurements  ,  i| 
irlerial  and  venmis  nwgen  ami  carbon  dioxide  pressures 
and  ht'iiingh iliiti .  Hlnml  llmv  was  delerillined  Irmii  the 
pret  aliiiraied  pump  setting  I'eripheral  vascular  resistance 
was  i  ah  dialed  I  mill  I  he  arterial  and  venmis  pressure  dll 
h  rentes  ihrmigh  I  lie  hmh  and  tile  precalihraled  llmv 
Him  id  gases  and  pH  were  delerillined  using  a  lilimd  gas 
mat  hine  1  nmdel  1  _’7  and  Ilk  I  list  rumen  I  ai  mn  I  .aim  rati  > 
riesi.  and  hemnglnhm  was  nluaii.ed  trnni  i  i  nnximeler 
i  Hindi  1  Ih'J.  Iiistrumetil.il  mn  I  ..ilinratnries I 

I ’lale lei  samples  were  prepared  with  urn '|iet  l es  i  Het  Imi. 
Dickinsunl  and  cmniled  in  a  Neuhauer  henincvtnmePr 
Hlalelel  aggregal  Inn  In  adenusine  diphnsphale  was  pet 
I  nr  med  in  a  plalelei  aggregnmeter  '  nmdei  gnu,  <  'll  running  i 
and  recorded  mi  a  strip  recorder  i  ninth' I  Tug,  <  'll  miming  i 
Venmis  hlnml  samples.  il  Ii  ml.  were  cent rilug"d  al  1 7.">  g  Inr 
I A  minutes  In  recnver  I  he  plalelei  ■  rn  h  plasma,  and  h  nJ  ml 
nl  sim  k  adennsine  <1  ip  lit  isphaie  <  I  nil  eg  mil  "-.is  m  tected 
uilo  h  |  nil  samples  nl  pl.ilele*  m  ii  plasma.  I'ertcnl 
aggregal  n ai  was  delmed  as  die  pe  ik  pert  "ill  ■  liange  m  light 
I raii'tnission  alter  the  addilmn  nl  idennsme  diphns. 
pliale 

Conlrols:  llie  msiili'  in  -i\  t  miirul  animals  are 
slmwii  in  Table  I.  I’erliisinu  wiih  sinick  111' i< ’<1  prn- 

liih  etl  a  large  and  immediate  increase  in  peripheral 
vascular  resistance  In  live  "I  six  limits,  resistance 
during  perlusinti  with  shuck  lilt  mil  increased  so  much 
that  normal  llovv  could  not  lie  established  and  nnlv 
"ischemic"  I  low  could  lie  maintained.  I'eripheral 
\.|si  ul, ii  resistance  increased  In  nil  u.S  imils  nl  p(>. 
iipiietal  resi'l.ance  il’HIT  with  normal  blood  at 
in  liana  I  I  low  i  \  \  1 1  In  J.u  I  ’  R I  ’  will]  slim  k  bit  mil  at 
ist  -  he  i  n  it  Mow  t  Si  i  i  p  <.i  i  ( K  i7i  i  In  coin  rnsl.  peripheral 
vast  ular  resist  a  nee  lor  normal  blood  at  ischemic  Mow 
t\ii  w.is  not  significant  Iv  <  1 1 1 1 « -  n- ti  t  Irom  that  o| 
normal  blood  al  norma1  I  low  i  N .N  1  i  u i  '  ! 'KC  !< ir  \i 
compared  with  u.'.i  I'Kt  lor  MMlc  t  Kvgpn  con- 


TABLE  I  Blood  Flow.  Peripheral  Vascular  Resistance.  Oxygen  Consumption.  Platelet  Count  and  Platelet  Aggregation 
in  Six  Control  Limbs 
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Figure  2.  Platelet  count  over  lime  during  perfusion  with 
normal  blood  compared  with  shock  blood  ( mean  ±  stan¬ 
dard  error  ot  the  mean). 
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Figure  3.  Peripheral  vascular  resistance  in  control  limbs  and 
phentolamine-lreated  limbs  during  perfusion  with  normal 
and  shock  blood  ( mean  ±  standard  error  ot  the  mean).  NN 
=  normal  blood/  normal  flow;  SI  ~  shock  blood/ ischemic 
How:  SN  =  shock  blood/  normal  How. 


sumpt inn  was  si-nilieantlv  lower  tor  perfusion  with 
'hock  blond  at  ischemit  llow  tSii  in. 7  ml/mini  com¬ 
pared  with  perfusion  with  normal  lilood  at  normal 
How  i  W_’»  ill  ml  mini  <p  cium'ii  or  normal  blood 
at  ischemic  (low  i  Nil  i  I  :1  ml, mini  i p  Ot.Mhi,  or  re- 
perliision  with  normal  blood  at  normal  ll<>w  iNN:ti 
'll  ml  mini  i|)  «>.(>•">  i.  Oxygen  consumption  and 
peripheral  vascular  resistance*  were  not  si-nil  icantlv 
different  durnn;  reperfusum  with  normal  blood 
i  NN'oi  compared  with  N X  I .  N't  or  NN2. 

In  three  control  animals  the  platelet  count  was 
determined  at  t  he  beymmne  ot  pertusion  and  at  ill 
minute  intervals  durmy  pertusion  lor  both  shod:  and 
normal  blood  i  Kiyure  J  i  In  hot  It  shock  and  normal 
blood,  tile  platelet  count  decreased  'Utilil  icant  Iv 
between  I  In*  onset  ot  perl  usion  and  I  liourol  perlu 
sum  ip  Ol.il.al,  In  normal  lilood  the  platelet  count 
appeared  to  level  oil  alter  ill  minutes  ot  pertusion. 
whereas  in  shock  blood  the  platelet  count  continued 
to  decrease  with  tune.  Platelet  .njyreyal urn  showed 


no  cltanye  throughout  any  ol  the  experimental 
states. 

Fract  ioiiated  plasma  catediolamine  levels  were 
measured  bv  rad ioen/vmat  ic  as»av  m  one  e>  i  iment 
in  t his  senes  and  showed  an  increase  ui  epuu-ph tine 
Iroin  b'i  pc  ml  in  normal  blood  tottr.ii  py  nil  in  'hock 
blood  and  a  i  onconut ant  increase  in  norepinephrine 
t  roll!  at  1  o  I  ..'.SI  I  py  ml. 

Administration  of  an  alpha-adrencrt'ic 
blocking  atfent:  In  oiyht  addition. d  piys  the  '.une 
procedure  was  lolloWed  except  that  an  alpha  ad 
ren-ryic  blockmy  ayenl.  pheiltolamuie  ui.a  myi.  iv.i- 
addeil  to  the  venous  reservoir  ol  the  pertu-ii-n  -v-- 
tern.  I’hentolamine  eliminated  the  increased  peri¬ 
pheral  vasculai  resistance  seen  with  -ho<  k  blood  in 
everv  case  i  Fable  1 1  and  I'  iyure  .t  i.  I  n  t  w<>  limb-  1  he 

phentolamine  was  added  to  the  sxstem  alter  . .  k 

blood  pertusion  had  been  established  and  the  usual 
inert-*  ..  ••  dieral  vascular  resistance  had  uc- 


TABLE  It  Blood  Flow.  Peripheral  Vascular  Resistance,  Oxygen  Consumption  and  Platelet  Count  in  Eight 
Phentolamine-Treated  Limbs 
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Figure  4.  Oxygen  consumption  in  control  limbs  and  phen- 
tolamine-treated  limbs  during  perfusion  with  normal  and 
shock  blood  ( mean  -t  standard  error  of  the  mean).  NN  = 
normal  blood/  normal  flow;  SI  =  shock  blood/ ischemic  flow: 
SN  =  shock  blood/  normal  flow. 


curred.The  increase  in  peripheral  vascular  resistance 
was  eliminated  with  phentolamine.  In  the  remaining 
limits  the  phentolamine  was  added  to  the  normal 
hlood  before  switching  the  perfusion  t < >  the  shock 
hlood  and  in  these  cases  no  increase  in  peripheral 
vascular  resistance  with  shock  hlood  was  noted. 

However,  oxygen  consumption  remained  lower  in 
every  case  during  shock  h'ood  perfusion  despite 
normal  flow  rates  (Table  II  and  figure  li  Mean 
oxygen  consumption  during  shock  hlood  pertusion 
was  ii.il  ml/min  compared  with  l.  l  ml  nun  lor  normal 
hiood  I  N N  1  I  ip  <1  ).().’> I  As  in  t  lie  eon t  ml  animals. 

oxygen  consumption  during  reperl u-  ton  with  normal 
hlood  iNN'J)  was  not  significant  Iv  dilterent  trom 
mil  in  I  levels  t  N  N  I  t  I’latelet  count  wa  not  -i;mlt 
cant Iv  lower  tor  shock  hlood  than  lor  normal 
hlood. 

Comments 

Our  st udy  shows  that  pertusion  ol  an  isolated  pig 
hind  limb  with  shock  hlood  results  in  a  sigmt  leant  Iv 
increased  peripheral  vascular  resistam  e  I  hat  can  lie 
blocked  by  phentolamine  I  low  e\  ir,  a  si  glut  leant  l\ 
reducer)  oxigcf i  coiim impt ion  s<*eii  during  perlii'imi 
with  shock  hlood  is  not  eliminated  with  phentolam¬ 
ine  despite  normal  peripheral  vascular  resistance. 

Reduced  nxvgen  consumption  was  seen  in  everv 
case  during  pertusion  with  shock  hlood  ( Kvgen 
consumption  improved  during  repcrlusion  with 
normal  hlood  and  was  not  sign  it  leant  Iv  dillerent  Irom 
initial  values  Theoretical  mechanisms  for  reduced 
oxygen  consumption  in  shock  hlood  include  arte¬ 


riovenous  shunting  and  metabolic  i.n  tors  interfering 
with  oxygen  uptake  or  ul  di/a  lion. 

Role  of  catecholamines:  In.  leased  plasma  eat 
erholamine  level'  in  hemorrhage  shock  were  do.  u 
meiited  over  lit I  wars  ago  In  Bedford  |dj  and  haw 
been  measured  regularly  since  then  in  mam  lorni' 
of  shock  (  irculating  catecholamines  cause  a  decrease 
in  clotting  time,  an  increase  in  hlood  glucose,  ino¬ 
tropic  and  chronot  ropie  st  imulation  of  t he  heart  and 
cutaneous  and  visceral  vasoconstriction. 

As  men  I  ioned  in  t  he  results,  a  Id- told  increase  in 
t  he  epinephrine  level  and  an  sti-lold  increase  In  t  lie 
norepinephrine  level  were  measured  in  'hock  hlood 
in  one  experiment  in  this  senes.  The  elevated  cate¬ 
cholamine  levels  m  'hock  hlood  were  lurther  evi¬ 
denced  by  the  signiluanl  increase  in  peripheral 
vascular  resistance  during  perfusion  with  'hock 
hlood.  which  can  he  entirelv  blocked  with  phento¬ 
lamine.  Reduced  oxygen  consumption  in  the  pres¬ 
ence  ol  elevated  plasma  .  alecholamine  levels  can  be 
adequately  explained  in  the  control  animals  by  re¬ 
duced  hlood  flow  due  to  v  .i'oconst  net  ion.  It  ohvioiislv 
does  not  explain  the  observed  reduced  oxvgen  con 
sumption  in  the  presence  ol  normal  blood  flow  in 
phentolamine  i  rented  animals 

Other  factors:  A  vanetv  of  other  factors  have 
been  postulated  to  explain  reduced  oxygen  con¬ 
sumption  in  shock.  These  unhide  platelet  aggrega¬ 
tion.  changes  in  blood  affinity  for  oxvgen  and  a  vu- 
netv  ul  humoral  factors  such  as  histamine,  serotonin, 
bradvkinin.  kallidin  II.  angiotensin  II.  adenosine, 
prostaglandins,  thromboxanes,  smooth  nui'cie  acting 
factor  1 7j.  acid  hv drola'Cs  is  I.  mv ocardtal  depressant 
lactor  |.‘t|,  lysosomal  enzyme  |/(l|,  splanchnic  t'di 
enne  lactor  |  /u|.  plasma  factor  j  h>\  and  cardiotoxn 
material  \ll\.  Which  ot  these  I, u  tors  mav  he  re 
s(iortsdi/(‘  /or  the  findings  in  mir  sfudv  is  not 
know n. 

Deterioration  in  cell  membrane  function  has  been 
documented  alter  'hock  1  / -  I •  Appelgren  ( / . > |  i n v 
.  _.iled  severe  I  v  depressed  t  issue  blood  exchange  m 
the  presence  ol  apparent  Iv  adequate  whole  organ 
I  low  th-  studied  the  relative  roles  o|  pertusion  and 
diltU'ioil  in  the  passive  i-v.  Ii.inge  o|  low  luolei  iil.tr 
substances  between  the  .ell  and  blood  ill  skeletal 
ifiilsi  le  m  bemoi  l  bugle  slim  k  in  (logs.  He  com  lulled 
that  tissue  blood  exchange  is  disturbed  in  'hoik 
because  ol  both  a  reduced  perl  Us  mu  and  a  redm  ed 
dillusion.  hut  that  reduced  dillusion  mav  he  inter¬ 
preted  as  sun  pi  v  due  to  a  red  net  ion  in  the  number  ot 
perfused  capillaries  in  'hock  or  an  uneven  capillurv 
per  fusion.  He  suggest  s  t  hat  t  he  <h't  riliut  inn  ot  flow 
through  capillaries  is  regulated  separately  Irom  the 
total  blood  flow,  although  the  mechanism  lor  mal¬ 
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(lisliil)ution  during  shock  is  not  known.  Arteriove¬ 
nous  anastomotic  blood  flow  lias  been  responsible  tor 
a  similar  phenomenon  observed  in  the  septic  hind 
limb  ol  dogs  |/  /|  but  has  not  been  investigated  in 
hemorrhagic  shock.  Arteriovenous  shunting  then  is 
another  reasonable  explanation  lor  the  observed 
reduction  in  oxygen  consumption. 

Our  study  shows  that  oxygen  consumption  in 
shock  is  significantly  reduced  even  in  the  presence 
of  apparent Iv  normal  blood  flow.  The  mechanisms 
involved  in  the  observed  reduction  of  oxygen  con- 
sumpt ion  are  purely  speculat ive  and  subject  to  fur¬ 
ther  study. 

Summary 

An  isolated  limb  perfusion  svstem  in  pigs  was  used 
to  assess  and  relate  hemodynamic  variables  to  oxygen 
consumption  in  shock.  Perfusion  with  shock  blood 
results  in  a  significant  Iv  increased  peripheral  vascular 
resistance,  which  can  be  blocked  by  phentolamine. 
However,  a  signiticantly  reduced  oxygen  consump¬ 
tion  seen  during  perfusion  with  shock  blood  is  not 
eliminated  with  phentolamine  despite  normal  pe¬ 
ripheral  vascular  resistance.  The  cause  ol  I  he  reduced 
oxygen  consumption  is  not  known,  but  the  results 
suggest  that  other  factors  apart  from  a  decreased 
blood  flow  due  to  catecholamine  release  are  impor¬ 
tant  in  contributing  to  end  organ  anoxia  and  failure 
in  shock. 
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Discussion 

'John  Hcnfield  'Duarte.  (’At:  l)r.  McNamara  and  his 
asMu  iales  have  made  considerable  progress  in  developing 
a  use! ul  iiin«|< -I  with  which  loMutlv  shock.  They  have  shown 
about  a  To-fold  increase  m  \as«'ular  resistance  anri  roughly 
a  »»ne  third  I •  >  one  hal1  reduction  in  oxvgen  uptake  in  a 
pressure-regulated  perlusiun  Extern  in  pi*;*,  when  the 
perfusate  is  blond  Irotn  an  animal  in  shock.  They  have  a  Wo 
shown  th.aJ  the  hemndvnamn  consequent  es  can  luri'cK  he 
neutralized  with  an  alpha  adrenergic  blocking  agent.  but 
i hat  phentolamine  did  not  reverse  the  metabolic  conse¬ 
quences  t hat  1  he\  measured 

Although  one  old  heir  key  references  is  dated  more  than 
hall  a  ceniurv  ago.  clinical  surgeons  have  begun  to  f  hi nk 
and  act  a  1  tout  shock  in  metabolic  terms  only  relatively  re- 
centK  1  .nn  referring  to  the  siill  controversial  issues  of  the 
use  and  abuse  u|  cort  it  ostemids  nr  vasodilators  lor  treat  - 
ment.  These  therapies  relied  our  recognition  that  the 
important  consequence*,  of  shoc  k  are  ifs  effects  on  ceil 
metabolism  and  perhaps  the  cell  membrane,  and  that 
variables  sin  It  as  \a>»  ular  resistance  and  o\\g«*n  uptake 
are  best  viewed  as  indicators  .it  events  at  the  cellular  level. 
Kor  example,  fundamental  work  such  ;is  this  makes  u> 
question  pis!  flow  rnueli  ‘ixA^cn  is  j*  tu.illv  heinc  delivered 
tn  t  he  cells  anti  what  humoral  I  at  tors  rnuv  be  ai  1  m*:  on  the 
cell  membrane  How  much  unevenness,  ot  Idood  tlow  or 
shunting  is  associated  with  perlusmn  ««l  m  isolated  limb’* 

I  ruse  these  questions  not  expo*  t  mu  a  n  \  answers  todav. 
but  ratiier  is  a  protection  goal*.  j.*r  the  future 

The  preparation  lb  McNamara  ind  his  group  have 
studied  is  a  demanding  «»ne.  making  i»  dilhcutl  |o  alwavs 
obtain  file  tbeoretic.illv  desired  <  *»ntro|s  hop  example,  t  lie 
elfects  of  :drener*;ic  bio*  kade  were  studied  in  one  group 
and  not  in  another  and  perhisions  with  normal  blood 
seemed  alwavs  tn  prect«le  trials  ol  pertusion  with  sb.u  k 
blooil  I  wonder  ii  we  know  the  elP*i  ts  il  pcrliMnn  ith 
shot  k  Idood  had  been  doin'  hist  More  simplv  stated.  *  an 
vou  It  II  i  is  to  what  dealer  v  mu  prep. nation  tends  or  does 
no!  lend  it  sell  to  internal  <  »*ui  n>|>  .  »r  how  loin:  a  pern  1  *>| 
reliable  observation  is  possible  alter  eai  h  preparation  is 
made  ’ 

Donald  1).  Trunkey  fSan  Kranrisco.  (At  <  hie  inter 
prelation  ol  vour  data  is  that  this  is  a  physical  rather  than 
a  phvsioliupc  phenomenon.  particularly  in  regard  todtf- 
lusion  Anv  increase  in  inters!  it  ml  swell  ini:  would  I'ause  an 
mi  reuse  in  t  he  dif  fusion  d/stum  e.  Did  you  make  anv  'pi*- 
*  iIh  measurements  m  I  hat  regard”  i  )»d  v«*u  weigh  t  he  hind 
limb  preparation  before  and  after  its  control  and  shock 
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perfusion  or  did  you  lake  anv  other  measurements  in 
doenmenl  an  increase  in  the  interstitial  edema,  or  hnlh  ’ 

Another  inlerprelation  ol  your  data  is  that  you  simplv 
have  not  provided  -uhst  rale  In  ol  her  words.  nu"fii  eon 
sump!  ion  is  also  dependent  on  the  stale  ol  respiralorv  ac- 
tivily  and  whether  or  not  there  is  a  vitalise  in  the  A  l  l’ 
A l >  1  ’ -0 _>  ratios.  Did  you  measure  that  also'.’ 

Nicholas  A.  Ha  las/.  (San  I  )ieyo.  (’Alt  hie  ol  mv  ipies 
I  ions  is  related  to  what  I  >r.  Trunkev  relerred  to.  inters!  it  t.d 
pressure  In  addition  to  nioaMiriny  weight,  it  is  now  lairh 
easy  with  wicks  inserted  into  the  suhlaeial  plane  to  act  italic 
measure  interstitial  pressure.  I  would  he  most  interested 
in  the  results  ol  such  studies  now  or  in  the  future. 

The  second  ipies  I  ion  has  to  do  with  aiiol  her  potent  id 
explanation  oi  this  peculiar  change  in  oxygen  uptake,  that 
is.  is  it  simply  a  matter  ol  a  chanye  in  hcmoylohm'’  It  would 
he  interest ine  to  know  what  level  l  he  venon-  oxvyeti  pres 
sure  decreased  and.  specilii  allv.  whether  |’„,0.  was  de¬ 
termined. 

•I.  -liaison  McNamara  iclosinyi  A  lew  general  com 
ments  that  to  some  extent  were  alluded  to  In  the  first 
discusser,  l)r.  Bentield.  Since  the  import, nice  ol  thud  re 
placement  in  hemorrhayic  shock  was  recoym/ed  ui  the 
I'fhl's  and  Id  IDs.  attention  has  heen  toe  used  on  the  mill 
t  iple  orttan  failure  syndrome.  These  prohlenis  are  seen  alter 
effective  hemodvnamte  resuscitation  troni  shock  invludiny 
pulmonarv  insutt'iciem  v.  renal  failure.  stress  nit  er.  'Uritn  al 
metaholism,  liver  lailure  and  depression  of  immune 
mechanisms.  All  ol  these  complications  nredircctlv  related 
to  the  severity  ol  the  initial  insult  It  therelore  becomes 
apparent  that  we  should  not  disrcyard  t  lie  need  to  louimui- 
to  invest iyate  the  mechanism  ol  and  improve) I  therapv  ol 
the  initial  insult,  the  episode  ol  shock.  In  other  words,  can 
we  more  rapidly  restore  nutrient  tissue  blood  flow  to 
normal'' 

We  have  show  n  recent  Iv  m  allot  her  model  t  hat  v  tscer.il 
blood  How.  that  is.  spleen,  portal  and  intestinal  flow,  and 
bronchial  flow  remain  suppressed  tor  as  loin;  as  |s  hours 
alter  resuscitation  to  haselme  values  ol  animal'  in  hem 


or  rliauie  shock.  The  >  ut  rent  -tilde  show  -  l  hat  some  met  a  - 
holic  delei  I  'till  presisls  in  an  adcipiatvlv  perhi'i'd  limit 
when  it  is  perliised  with  shock  blood.  This  element  mav 
also  nilerlere  with  restoration  ol  normal  nutrient  blood 
1  low  . it  the  tissue.  Mv  point  is  that  there  is  still  mm  h  to 
uncover  a  hot  1 1  1  lie  acute  resuscu.u  tv  c  phase  ol  shock  and 
thi'  kind'  ol  l  hi nus  t  hat  we  can  do  to  actually  restore  mi- 
I rient  blood  l low  to  normal. 

Now  to  answer  some  specdic  <|ues|ions.  Dr  Hctili'-ld 
raised  an  important  point  i  cy,  i  id  i  ny  (lie  model.  U  e  <  an  yd 
about  .1  tiseltil  hours  ol  a  steadv  st.ite  perlusioti  sv-tein.  In 
this  particular  expel ament .  alter  we  have  established  a 
steadv  stale  anil  hied  t  he  animal  into  shock  tor  I  hour,  we 
do  not  have  1 1  nit  -  lor  much  main  pula!  ion  with  the  sv  stem 
betore  delertor.it  loll  ,»l  sie  idv  slate  beynis. 

I  )r  Trunkev  asked  si unc  verv  enyetit  ipiest ions  about  the 
slaliis.il  inlersiiti.il  I hml  in  the  Imili  We  have  measured 
and  monitored  limb  wend  it  -  We  know  that  limb  wet”  lit  t' 
stable  hni  have  not  looked  at  interstitial  edema  specilii  ailv 
I  he  -  hauyes  in  vascular  resistance  and  oxvyeti  <  mistimp 
non  are  immediate,  .o  I  iloithl  that  tissue  edema  and  ai 
ti  n  i -ri -in  '■  with  oxvs;en  I  ran -ter  plav  a  role  Simdarlv .  we 
have  not  spot  it  i.  allv  invest  iy  a  led  chanyes  in  ox\  ecu  I’  ,! ) 

another  possible  mechanism  ol  reduced  oxvyell  eon 
sumption,  all  lit  my  h  I  )r  Alden  Harken  liotei I  sonic  dei  rease 
tn  o\\  yen  i  oust  nil  pt  ion  with  a  deere  i'c  in  T  1 1  hut  not 
in  the  ordiT  mayniliide  we  -aw  Ttnallv.  we  have  no 
measiueinenl  "I  act 1 1 al  suhstrate  sitpplv. 

W  e  hav  e.  however,  idem  died  the  elici  t  -hoi  k  blood 
on  the  dchvcrv  o|  oxyuen  to  the  ti--iie  in  this  particular 
model  We  are  most  interested  in  the  prcscin  e  of  arterio- 
venous  -hunt  my  W  have  stuthed  three  or  tour  animals 
and  have  heen  able  to  demons t rate  e\i  es-tv el V  rapid  up 
pc. nance  .a  dve  in  the  venous  porlu-ion.  -nstm-lins  that 
there  i-  at  leruweiious  shunllliy.  W  e  dei  ided  to  address 
arlerti  i\  etii  in-  s|n  hi  tiny  as  the  lit  s|  pos-ihle  tma  hani-m  of 
dia  re.isi  . |  ox v yen  i  oiisiunpt ton  lieeat i'c  m her  data  lit  the 
literature  sityyesi  that  lilts  t~  a  meehattl'ill  and  it  has  been 
idem tl ti  d  is  a  me.  hani'iti  lot  ri-diu  ed  ox v yen  i  ousumpt ton 
hi  'i  pl  a  -in.,  k  W  e  hope  to  h.tve  t he  opport unit  v  to  present 
some  -.I  these  additional  data  in  the  luture 
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